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TITLE 

INHIBITORS OF RETROVIRAL PROTEASES 

P ACKGROT TND OF THF fltfvppry^T 

n ar * ,^ 1S '7™™ rC,at " IO C ° mpOUnds which ^ inhibitors of as panic proteases, 
particularly of rrrrovinjsrs 

Retroviruses, that is. viruses within the family of Retroviridae. are a class of 
vmises which transport .heir generic material as ribonucleic acid rather than 
deoxynbonucieic acid. Also known as RNA-tumor viruses, their presence has been 
associated with a wide range of diseases in humans and animals. They are believed to be 
*e causative agents in pathological states associated with infection by Rous sarcoma virus 
CRSV). munne leukemia virus (MLV), mouse mammary tumor virus (MMTV) feline 
feukemta virus (FeLV). bovine leukemia virus (BLV), Mason-Pfizer monkey virus 

^Tmc,\ S,mian Sarc0 ™ " rUS (SSV> - Simian aCqUired '""""Wieiency svndrome 
Srv, ^"""P" 0 ^^ WIT.V-I. -H) and human immunodencicnev virus 

(HTV-1. HTV-2). which is the e.iologic agent of AIDS (acquired immunodeftciency " 
syndrome) and AIDS related comp.exes. and many others. Although the pathogens have 
■n many of these cases, been isolated, no satisfactory method for treating this type of ' 
infection has been developed. Among these viruses, the HTLV and HIV have been 
especially well characterized. 

Critical to the replication of retroviruses is the production of functional viral 
proteins. Protein synthesis is accomplished by translation of the open reading frame, into 
polyprotein constructs, corresponding to the gag. nal and jay reading frames The gas 
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The HIV- 1 protease has ,*„ classified „ m £ P 

^4«La i Ui 5A .a.,84,(,989,X Thcp^HcaLu^l^X,^ 

rr c ;:c;Tr e Tr canno ' * provided * ,h < ho * - * ~ - 

lack t 111! " haS *»»-~ «■« retrovintses which 

fcck the protease or contain a mutated form of it. lack infecdviry. See Katoh e, al 
Jtahtt 145. 280-92(1985). Crawford, e. al.. J. Viml 53 goo JZT.V^ 

therefore.presenL.amethodoftherapyforreot.viraldisease 

al ProcTn^rr" rctroVira, """^ " E C ° H h3Ve disc '°*« (Debouck e, 

Inhibitors of recombinant HIV protease have been reported (Dreyer e, al jw 
NmLA^.Sn 86. 9752-56 (1989); Tomassel.i e. al. ^ Ro bL e, ai 

fere.** .MUWMB^UttlS^ai^^^** 
Eu, Pa, Appl . No . 337 7.4; Dreyer e, a.. Eu, Pa, Appl. No. 352 000). Mo*ov 
of these tnhibi.ors have been shown to be poten, inhibitors of virj proteose 

The l,m,tations of current strategies for aspanic protease inhibition include (1) oral 
degradation); (3) selectivity of inhibition; and (4, in the case of in.raceUu.ar targets 
of retrovtral and aspamc proteases. Un!ike previously described inhibitors . the 

d^til? T ti T 7 °°' ana, ° gues ° (pcptide subsBa,es » 

S^ZT" SUbSQn,iaJ,y taa Pepdde SUbs ™ e - '*< 

*a, they do not possess a conventions aminc-to-carboxyl terminus orientation. 

SUMMARY OF THF INVE^ rnrvn 
This invention comprises compounds having the structures particularly pointed ou, 
» *e claims and described hereinafter which bind to retroviral proteases TheT 

This invention is also a pharmaceutical composition, which comprises an 
aforementioned compound and a pharmaceutical* acceptable earner therefor 

Th.s mvention further constitutes a method for treating viral diseases, which 
compnses administering to a mammal in need thereof an effective amount of an 
aforementioned inhibitor compound. 
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The compounds of this invention have the structure of formula I: 
Ft 1 OH 
X'HN^Y^Y^ 



HO R' 
(I) 



wherein X* is A-(B) n - where n = 0-2; and 

Gly Gin t^lTTt " ^ ^ ^ A1 >' Asn < C >' s ' ^ 

Gly, Gin. He, Leu. Met, Phe, Pro, Ser, Thr. Tyr, Val, His, or trifluoroalanine wherein 

adjacent residue B or the structure, whichever is appropriate; and 

1) triryl, 
15 2) hydrogen. 

3) Ci-C6alkyl, 

4) R3-CO- wherein R3 i s: 

a) hydrogen. 

~ n b> Cl " C ° aJky1 ' "substituted or substituted with one or more hvdroxyl 

M groups, chlorine atoms, or fluorine atoms. 

c) phenyl or naphthyl unsubstituted or substituted with one or more 
subsmucnts R4 wherein R4 i S : one or more 

i)C!-C4alkyl, 

») halogen, where halogen is F, CI. Br or I, 
«i) hydroxyl, 

iv) nitro, 

v) Ci-C3 alkoxy, or 

vi) -CO-N(RIO )2 wherein RlO is . independently. H or C.-C, 
alkyl; or 1 * 

30 ^ u d) a5 " 7mcmterheler ^^ 

5) phthaloyl I wherein the aromatic ring is unsubstituted or substituted with one or 
more subsmuents R 4 ; 

6) R5(R6R7c) m .co. wherein m . ,. 3 and r5 r6 and r7 „ independeml 

a) hydrogen, 
•* 5 b) chlorine or fluorine. 
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c) C r C 3 alkyl unsubstituted or substituted with one or more chlorine or 
fluorine atoms or hydroxyl groups, 

d) hydroxyl, 

e) phenyl or naphthyl unsubstituted or substituted with one or more 
5 subsdtuents R 4 , 

0 Ci - C 3 alkoxy, 

g) a 5-7 member heterocycle, or 

h) R5 * r6 « 3,1(1 R? ma y be independently joined to form a monocyclic 
bicycuc, or tncycle ring system each ring of which is C3-C6 cycloalkyl; 

10 7) R5(R6 R 7 C)m w . whercin mB ,. 3aadw is OCQ Qr V d r5 r6 ^ R? 

are as defined above, except R5, R 6 and R 7 m not cMorin ^ fluorinc or hydroxvl tf th 
are adjacent to W; 

8) R8-W- wherein R« is a 5-7 member heterocycle such as pyridyl. furyl. or 
benzisoxazolyl; 

15 9) R9-W-. wherein R9 is phenyl or naphthyl unsubstituted or substituted with one 

or more subsdtuents R 4 ; 

10) R5-(R6R7c)m-P(0)(ORl I)- wherein Rl 1 is d - C 4 alkyl or phenyl; 

11) R 8 -P(0)(ORll)-;or 

12) R9-P(0)(ORll)-; 

1) -CH 2 R 12 wherein R 12 i s 

a) NH-A wherein A is defined as above; 

b) R5-(R6 R 7 C )m-; 

c) R5-( R 6 R 7 C)m v- wherein V is O or NH. except R5, r6 ^ R 7 m not 
25 hydroxyl, chlorine or fluorine if they are adjacent to V, 

d) R5-(R6 R 7 C )m-S(0)n- wherein m = 1-3 and n = 0-2 and R5, R 6 and 
R? are as defined above except R5 r6 and R 7 ^ not nydroxv , t ch i orine or nuorine if 
they are adjacent to sulfur, 

e) R8-S(0)n-. 
30 0 R9-S(0)n-. 

g) (Rl30)P(0)(ORl4). wherein Rl3 R I4 ^ independently: 

i) Ci -C 6 alkyl, 

ii) C3-C6 cycloalkyl. 

iii) H, 

35 iv) R9 or 

v) R8, 

h) Rl3p(0)(ORl4).. 

i) N(Rl0) 2 , 
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saturated nitrogens heterocycJe including: 

i) azctidinyl, 

ii) pyrrolidinyl, 

5 iii) piperidinyl, or 

iv) morpholinyl, 
k) R I7 OCH 2 0 wherein Rl7 is: 

i) C 1 -^ alkyl, 

ii) R 9 .or 

iii) CH 2 Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) R 17 OCH 2 CH 2 OCH 2 , 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted 
by a subsrituem R 4 

15 n) N -t*nzimidazolyl where the fused benzene ring is unsubstituted or 

substituted by one or more substituents R 4 ; 

o) C 2 -C 6 alkynyl, optionally substituted with one or more groups R° ; or 
p) C 2 -C 6 alkenyl, optionally substituted with one or more groups R9; 
2) hydrogen, 

20 - 3) Ci-O; alkyl. unsubstituted or suhsrirmcd wirh one or more chlorine or fluorine 

atoms or hydroxyl groups, or 
4) C3-C7 cycloalkyl; 
and pharmaceutical^ acceptable salts thereof. 

Peptide compounds of the foregoing description are preferred which arc C> 
25 symmetric wherein X 1 =x2, and R 1 =R2 

Suitably Rl is Ci-C 6 alkyl, benzyloxymethyl, 3-phenyipropyI or benzyloxy. In 
particular. Rl may be benzyloxymethyl or 3-phenylpropyl. Preferably Rl is benzyl 
Suitably Xl is CbzAla. AlaAIa, Val. CbzVal, Cbz or hydrogen. 
The compounds of this invention are useful in the manufacture of a medicament in 
particular, for a medicament for treating infection by retroviruses. 

C 2 symmetric peptide compounds wherein R\ and R 2 are C r C 0 alkyl or aralkyl 
and X 1 and X2 are single amino acids or mono- or dipeptides; these groups mav be 
terminally substituted by common acyl groups or blocking groups commonlv used in 
pepude synthesis, such as t-Boc or Cbz, are also preferred. 

Also included in this invention are pharmaceutical^ acceptable addition salts, 
complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be 
any covaiently bonded carriers which release fie parent drug. 
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As used herein except where noted, the term "alkyl" refers to a straight or branch* 
chain alkyl radical of the indicated number of carbon atoms including, but not limited to 
methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, ten-butyl, n-pentyl, 1-methylbutyl 
2.2-dimethylbutyl, 2-methylpentyI. 2,2-dimethyIpropyl. n-hexyl. and the like; "alkoxy" 
represents an alkyl group of the indicated number of carbon atoms attached through a 
bridging oxygen atom; "cycloalkyl" is intended to include saturated ring groups, such as 
cyclopropyl, cyclobutyl, cyclopentyl. cyclohexyl and cycloheptyl; "alkenyl" is meant to 
include either straight or branched hydrocarbon chains containing one or more carbon- 
carbon double bonds which may occur at any stable point along the chain, such as ethenyl 
propcnyl, butenyl, pentenyl, 2-methyl propenyl, and the like; "alkynyl" refers to either a 
straight or branched hydrocarbon chain of the indicated number of carbon atoms which 
contains a carbon-carbon triple bond which may occur at any stable point along the chain 
such as ethynyl. 2-propynyl, 2-butynyl. 4-pentynyl, 2-methyl-3propynyl. and the like. 

As used herein except where noted, the term "heterocycle" represents a stable 5- to 
7-membered mono- or bicyclic heterocyclic ring, which is cither saturated or unsaturated 
and which consists of carbon atoms and from one to three heteroatoms selected from the 
group consisting of N. O and S, and wherein the nitrogen and sulfur heteroatoms may 
optionally be oxidized, and the nitrogen heteroatom may optionally be quaremized, and 
including any bicyclic group in which any of the above-defined heterocyclic rings is fused 
-to a benzene ring. The heterocyclic ring tmy be anarhwi a r any heteroatom or carbon atom 
which results in the creation of a stable structure. Examples of such heterocyclic elements 
include piperidinyl. piperazinyl. 2-oxopiperazinyl, 2-oxopiperidinyl. 2-oxopyrrolodinyl. 
2-oxoazepinyl, azepinyl, pyrrolyl. 4-piperidonyl. pyrrolidinyi, pyrazolyl, pyrazolidinyl, 
imidazolyl, pyridyl. pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl. isoxazoiyl, 
morpholinyl, thiazolyl. quinuclidinyl, indolyl, quinolinyl, isoquinolinyl, bcnzimidazolyl, 
benzopyranyl, benzoxazolyl, furyl. tetrahydrofuryl. tetrahydropyranyl, thienyl. furyl, 
ietrahydrofuryl,tetrahydropyranyl, thienyl. thiamorpholinyl sulfoxide, thiamorpholinyl 
sufone, and oxadiazolyl. 

When any variable (e.g., A. B, Rl, R 3 R I7, heterocycle, substituted phenyl. 

etc.) occurs more than one time in any constituent or in formula I, its definition on each 
occurrence is independent of its definition at every other occurrence. Also, combinations 
of substituents and/or variables are permissible only if such combinations result in stable 
compounds. By convention used herein, a geminal diol, for example when R6 and R7 are 
simultaneously hydroxyl. is meant to be equivalent with a carbon-oxygen double bond. 

Other abbreviations and symbols commonly used in the an used herein to describe 
the peptides include the following: 
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Amino acid. 
Alanine 
Arginine 
Asparagine 
Aspartic Acid 
Cysteine 
Glutamine 
Glutaminic Acid 
Glycine 
Histidine 
Isoleucine 

Asparagine or Aspartic Acid 
Glutamine or Glutamic Acid 



three letter 


Amino acid 


three letter code. 


Ala 


Leucine 


Leu 


Arg 


Lysine 


Lys 


Asn 


Methionine 


Met 


Asp 


Phenylalanine 


Phe 


Cys 


Proline 


Pro 


Gin 


Serine 


Ser 


Glu 


Threonine 


Thr 


Gly 


Tryptophan 


Trp 


His 


Tyrosine 


Tyr 


De 


Valine 


Val 



Asx 
Glx 



In accordance with conventional representation, the amino terminus is on the left 
and the carboxy terminus is on the right. All chiral amino acids (AA) can occur as 
raccmates. racemic mixtures, or individual enantiomers or diasteriomers. with all isomeric 
forms being included in the present invention. (3-Ala refers to 3-amino propanoic acid. 

-Boc refers to the t-butyloxycarbonyl radical, Chz refers to the rnrhohenzylnxy mdicnl i-Rn 
refers to isobutyl, Ac refers to the acetyl, Ph refers to phenyl, DCC refers to 
dicyclohexylcarbodiimide, DMAP refers to dimethylaminopyridine, HOBT refers to 1 - 
hydroxybenzotriazole. NMM is N-methvlmorpholine. DTT is dithiothreitol. EDTA is 
ethylencdiamine tetraacetic acid, DIEA is diisopropyl ethylamine. DBU is 1, 8 diazobicvclo 
f5.4.0] undec-7-ene, DMSO is dimethylsulfoxide. DMF is dimethyl formamide and THF 
is tetrahydrofuran. HF refers to hydrofluoric acid and TFA refers to trifiuoroacetic acid. 
The peptide moieties denoted by X 1 and X2 are generally dipeptides or smaller. 

However, longer peptides which encompass the residues defined herein are also believed 

to be active and are considered within the scope of this invention. 

The selection of residues or end groups may be used to confer favorable 

biochemical or physico-chemical properties to the compound. The use of hydrophilic 

residues may be used to confer desirable solubility properties or D-amino acids at the 

carboxy terminus may be used to confer resistance to exopeptidases. 

Synthesis of compounds represented by the structure I can be achieved by pinacol 

coupling of N-protected aipha-amino aldehydes. p2NHCH(R 1 )CHO. One representative 

procedure involves addition of the aldehyde to a mixture of TiCU and magnesium-mercury 

amalgam in an inert solvent such as THF under inert atmosphere, as described by E. J. 

Corey. R. L. Danheiser. and s. Chandrasekaran, J. Org. Chem. 41. 260-266 (1976). The 
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ab r inh^hcr )C0 2 H, for example by reduction of the 

OsffiJM, 149 (.989)). Generally the amino pro.ec.ing group, P 2. „ ,. B oc Cbz 

10 "It 2'° T'° l C ° UPling PrOKCdng *»" " 2 «" * ™< -d gLp 
10 Xlcanbe.mroduced. T7,e foregoing procedures can be used to prepare all of the 
steroeo.somers of compounds represented by the structure 

Alternatively, compounds represented by the smtcntre I can be prepared from 
D-W.mann.tol by conversion to the diaziridine (compound fi. Scheme „ The ^sln* 
dta^dtne .s re ac,ed with appropriate nucleophi.es such as (CH 3 ) 2 CuZi !o ^ 
15 suie-chatn groups Rl as i„us.a,ed in Scheme 1 and as de.ai.ed in the Examp.es The 

ALematively. compounds represented by the structure . can be prepared from 

25 Sc" ^meTton "T™ *° '^""^"^•(O-isopropy.idenOmannito, as shown in 

such Ts 4k t Wit " ' ^ 55 ™ ° r K0 ' BU in an «-«"' 

such as THF or ether to y.eld the diepoxide. U:5,6-dianhydro-3 4-(0- 

2Pn>Pyndene)man„i,o. (compound £, Scheme 2). This diepoxide is reac.ed with 
appropnate carbon nuc.eophi.es such as cuprate reagents <R.2 )2 CuLi or aluminum 
reagents to inrroduce the side-chain groups R I (Scheme 2). This procedure is also 
espec.a.ly su.ted to the preparation of compounds I where Rl = CH,Rl2 wh er e Rl2 isa 
8»up that forms a staUe and reactive cuprate reagent, as described a'bove. The resu.ting 
£HT "iTT * -* aversion of connguration a! 

» thfd ^ WhiCh ' hiS " •» -a conversion of the dio. 

t d-snl'lT " T,T W " h mclhanesulf0 "y | blonde and trie.hv.amine. fol.owed 

by d.s P !acemen, w,.h NaN 3 in DMF to provide the substituted 2.5-diazido-3 4-(0 

wTrff ; edi ° l)heXane: C ° nVerli0n '° derivative follows bv reduction 

wuh a hydnde reagent such as LiA,H 4 or by catalytic hydration with u eatalvs, such" s 
Pd(0) or Raney-Ni to provide the core structure 1 (as the isopropylidene derivat.ve. 
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(Scheme 2). Introduction of the groups X* is accomplished by standard condensation 
reactions as are well known in the an. 

Compounds of the structure I in which R 1 2 is NH-A can be prepared from the 
diepoxide £ or the ditosylate (compound A. Scheme 2) by reaction with NaN 3 in DMF to 
provide the resulting dihydroxy terminal diazide. which is converted to the corresponding 
tetraazide with inversion of configuration at the alcohol carbons as described above, and 
subsequently to the corresponding tetramine. Selective reaction of the terminal amines with 
groups A or with protecting groups such as Boc or Cbz is then followed by introduction of 
the groups Xl = X2. In , a related fashion, groups Rl = R2 in compounds in which Rl is 
N(R10 )2 , NR15R16 R5. (R 6 R 7 C )m V- or R5-(R6R7c )rn .S(0)n-can be introduced by 
reaction of diepoxide £ with the appropriate oxygen, nitrogen, or thiol nucleophile, with 
subsequent thiol oxidation as necessary. Reaction of diepoxide £ with the appropriate 
phosphorus nucleophile in an Arbuzov or Michaelis-Arbuzov reaction allows introduction 
of groups Rl = R2 which are (R!3o)P(0)(OR14)- or R l3 P(0)(OR 14 )-. 

Either enantiomer of compounds of the structure can be prepared from the 
respective enantiomer of mannitol by the procedures shown in Schemes 1-2. 
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ii) C 3 -C 6 cycloalkyl, 

iii) H, 

iv) R9 or 

v) R8 

5 h) R^PCOXORl*)., 

i) N(RlO )2 , 

j) NRl5 R 16 wherein R 15 ^ R 16 ^ joined to form a 4 . 6 mcm5cred 
saturated nitrogens heterocycle including: 
i) azetidinyl, 
* ii) pyrrolidinyl, 

iii) pipcridinyl, or 

iv) morpholinyl, 

k) R 17 OCH 2 0 wherein Rl7 is: 

i) C^C^alkyl, 

ii) R 9 ,or 

iii) CH 2 Ar wherein Ar is phenyl, naphihyl or a 5-7 membercd 

heterocycle, 

1) R 17 OCH 2 CH 2 OCH2, 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted 
by a substituent R 4 , 

n) N-benzimidazoIyl where the fused benzene ring is unsubstituted or 
substituted by one or more substituents R 4 ; 

o) C 2 -C6 alkynyl, optionally substituted wiih one or more groups R 9 ; or 
P) c 2' c 6 alkenyl, optionally substituted with one or more groups R 9 : 

2) hydrogen, 

3) C, -C 6 alkyl. unsubstituted or substituted with one or more chlorine or fluorine 
atoms or hydroxyl groups, or 

4 ) C3-C7 cycloalkyl, and 

R" and R'" are hydrogen, an amino-protecting group or taken together are N 2 , 
which comprises 

1) reacting a compound of the formula: 




with a compound R-Z, wherein Z is a moiety which renders R" nucleophilic. 
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2) converting the resulting hydroxy groups to displaceable groups, 

3) reacting the displaceable groups with a nitrogen nucleophile. 
Typically Z is hydrogen, an alkali metal, such as Li, Na or K. or an earth metal, 

such as magnesium, or a transition metal, such as copper, aluminum, titanium, zinc or 
cadmium, or a species derived therefrom. Representative of R'-Z are optionally substituted 
alkyl, aryl or heterosryl lithium, alkyl, aryl or heteroaryl magnesium halides (eg. Grignard 
reagents), lithium dialkyl cuprate, lithium diaryl cuprate, or the alkali metal salts of 
optionally substituted alkyl alcohols, phenols or benzyl alcohols. Lithium diphenyl cuprate 
is especially useful. 

The hydroxyls are converted to suitable displaceable groups, such as mesylate, 
tosylate, brosylate, benzoate, acetate and halide, by methods common in the art. The tosyl 
group is especially suitable and is formed by reacting the hydroxyl groups with tosyl 
chloride, for instance. 

Suitable nitrogen nucleophiles are those which are able to react with a displaceble 
15 group. Unhindered organic amines or heterocyles, metal salts of amines, heterocycles or 
azide are useful. Generally an nitrogen containing group of the formula R'"R' V N-Z, 
wherein Z is as defined above and R'" and R v are hydrogen, an amino-protecting group or 
taken together are N 2 (eg. azide) are useful. A metal azide, such as sodium or potassium 
azide, is preferable. Subsequent reduction of the azido groups provides amino groups. 
20 - Particularly useful intermediate compounds of this invention are: 

' ;t^.., "Xti 

H "T 

O ^R' O 

an) (tv) 

wherein R' is 1) R>2, as defined for formula I, 2) hydrogen, 3) C1-C6 alkyl, unsubstituted 
or substituted with one or more chlorine or fluorine atoms or hydroxyl groups or 4) C3-C7 
25 cycloalkyl. 

The compounds of this invention are prepared by the solid phase technique of 
Merrifield (J, Am. Chem , 35_, 2149 (1964), or preferably by solution methods 
known to the art. A combination of solid phase and solution synthesis may be used, as in a 
convergent synthesis in which di-, tri-, or tetra-peptide fragments may be prepared by solid 

30 phase synthesis and either coupled or further modified by solution synthesis. The methods 
of peptide synthesis generally set forth in J. M. Stewart and J. D. Young, " Solid Phase 
Peptide Synthesis". Pierce Chemical Company, Rockford, 11 (1984) or M. Bodonsky, 
Y.A. Klauser and M. A. Ondetti, " Peptide Synthesis" . John Wiley & Sons, Inc., New 
York, N.Y. (1976), or "The Peptides" gross and Meienhoffer, eds.; Acad. Press. 1979. 

35 Vols I-II1, may be used to produce the peptides of this invention and are incorporated herein 
by reference. 
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Each amino acid or peptide is suitably protected as known in the peptide an For 

~v t ZT ° r ^"^^-^P * P— for protection o7l amino group 
especially at the a posiuon. A benzyl group or suitable substituted benzyl gr 0up is u fTto 
protect the mercapto group of cysteine, or other thiol containing amino acids: or the 
hydroxy, of serine or threonine. The tosyl or nitro group may be used for protection of the 
guanine of Arg or the imidazoie of His, and a suitably substituted carbobenzyloxy group 
or benzyl group may be used for the hydroxyl group of Tyr. Ser or Thr, or the e-amino 
« g T P ° f J ySinC - Suitab,C SUbStitUtion of the carbobenzyloxy or benzyl protecting groups is 

H ortho and/or para substitution with chloro. bromo. nitro or methyl, and is used to modify 

A 10 the reactivity of the protective group. Cysteine and other sulfur-containing amino acids 

may also be protected by formation of a disulfide with a thioalkyl or thioaryl group 
Except for the Boc group, the protective groups are, most convenient, those which are 
not removed by mild acid treatment. These protective groups are removed bv such 
methods as catalytic hydrogenation. sodium in liquid ammonia or HF treatment as known 
in the art. 

If solid phase methods are used, the pepdde is built up sequentially staring from 
the carboxy terminus and working toward the amino terminus of the peptide. So.id phase 
synthests ts begun by CO va.en..y attaching the C terminus of a protected amino acid to a 

-^!r in ' SUCh " " benzh ^ ,amine **» <BHA). methylbenahydrvlamine resin 
(MB HA) or ch!o™-thy! resin (CMR). as is generally --• c „„.„. M 

4.244.946. A BHA or MBHA support resin is used for the carb^™fnu~s of "the 
product pepdde is to be a carboxamide. A CMR support is generally used for the carboxy 
temunus ,f me produced is IO te , carbosyl ^ ^ ^ ^ ^ ^ 

to produce a carboxamide or ester. 

Modification of the terminal amino group of the peptide is accomplished by 
alkylauon or acerylation as is generally known in the art. These modifications may be 
earned out upon the amino acid prior to incorporation into the peptide, or upon the peptide 
after ,t has been synthesized and the terminal amino group liberated, but before the 
protecting groups have been removed. 

Typically, acetylation is carried out upon the free amino group using the acyl 
haltde, anhydride or activated ester, of the corresponding alkyl acid, in the presence of a 
ternary amine. Mono-alkylarion is carried out most conveniently by reductive alkylauon of i 
the amino group with an appropriate aliphatic aldehyde or ketone in the presence of a mild j 
reducing agent, such as lithium or sodium cyanoborohydride. Dialkvlation as well as { 
quatemization may be carried by treating the amino group with an excess of an alkyl halide ! 
in the presence of a base. [ 

Solution synthesis of peptides is accomplished using conventional methods used to I 
form am.de bonds. Typically, a protected Boc-amino acid which has a free carboxyl group f 
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is coupled to a protected amino acid which has a free amino group using a suitable 
carbodiirnide coupling agent, such as N. N' dicyclohexyl carbodiimide (DCC). optionally 
in the presence of cataJysts such as i -hydroxy benzotriazole (HOBT) and dimethylamino 
pyridine (DMAP). Other methods, such as the formation of activated esters, anhydrides 
or acid halides, of the free carboxyl of a protected Boc-amino acid, and subsequent 
reaction with the free amine of a protected amino acid, optionally in the presence of a base, 
are also suitable. For example, a protected Boc-amino acid or peptide is treated in an 
anhydrous solvent, such as methylene chloride or tetraliydrofuran (THF). in the presence 
of a base, such as N-methyl morpholine, or a trialkyi amine, with isobutyl chloroformate 
to form the mixed anhydride, which is subsequently reacted with the free amine of a 
second protected amino acid or peptide. The peptide formed by these methods may be 
deprotected selectively, using conventional techniques, at the amino or carboxy terminus 
and coupled to other peptides or amino acids using similar techniques. After the peptide 
has been completed, the protecting groups may be removed as hereinbefore described, 
such as by hydrogenarion in the presence of a palladium or platinum catalyst, treatment 
with sodium in liquid ammonia, hydrofluoric acid, trifluoroacetic acid or alkali. 

Esters are often used to protect the terminal carboxyl group of peptides in solution 
synthesis. They may be convened to carboxylic acids by treatment with an alkali metal 
hydroxide or carbonate, such as potassium hydroxide or sodium carbonate, in an aqueous 
"alcoholic solution. The acids may be converted to other esters via an activated acyl 
intermediate as previously described. 

The amides and substituted amides of this invention are prepared from carboxylic 
acids of the peptides in much the same manner. Thus, ammonia or a substituted amine 
may be reacted with an activated acyl intermediate of an amino-protected a-amino acid or 
oligopeptide to produce the amide. Use of coupling reagents, such as DCC, is convenient 
for forming substituted amides from the carboxylic acid itself and a suitable amine. 

In addition, the methyl esters of this invention may be converted to the amides, or 
substituted-amides, directly by treatment with ammonia, or a substituted amine, in 
methanol solution. A methanol solution of the methyl ester of the peptide is saturated with 
ammonia and stirred in a pressurized reactor to yield the simple carboxamide of the 
peptides. Procedures for the determination of the inhibition constant (Ki) by Dixon 
analysis are described in the art. e.g.. in Dreyer. et al. Proc. Natl. Acad. Sci It S a 86, 
9752-9756 (1989). A peptidolytic assay is employed using the substrate Ac-Arg-AIa-Ser- 
Gln-Asn-Tyr-Pro-VaI-Val-NH 2 and recombinant HIV protease as in Strieker, et al.. 
EmiSinS, & 134-154 (1989). The lower Ki value indicates a higher binding affinity. 

Pharmaceutical compositions of the compounds of this invention, or derivatives 
thereof, may be formulated as solutions or lyophilized powders for parenteral 
administration. Powders may be reconstituted by addition of a suitable diluent or other 
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buffered, .sotomc. aqueous solution Examples of suitable diiuenls are ™„ 

cinTe ' P 0 """""^ S'^. «-W sodium dtloride or sodium 

10 cn m /^ fe ^ COn,p ° sidonfor P i « n '"^^nismition may additionally be 
>0 ompnsed of a quandty of the compound encapsulated in a liposomal carrier £e 

o course be dependent upon the antigenic determinants of the infecting virus. A™" 
of such a protein is the rn a t ~„n „, * 1 c *a»ipie 

20 -(soluble (LT)" " * v ~ 1", g ^ 0pro,e " 1 - ° r * "'Native thereof, such as sCD-4 
/ . „ 1UJ U1C g,ycopiOiciii com of ihc human 

M 1 f ' S ,nC0,pOn « ed herei " "y reference. Similar targeting 

considered with.n the scope of this invention. 

emuV A " ernatiVely> ' heSe «X ■» encapsulated, tableted or prepared in a 

•Mr. Sohd earrters .nclude stareh, lactose, calcium sulfate dihvdrttte. terra alba 
^gnesturn stearate or stearic acid. talc. pectin, acacia, agar or gelatin! Tne carrier may 
^ -lude a sustained re.ease materia, such as glycerol monostearate or g.vcerol i 
dtsteara^oneorwithawax. Tne amount of solid carrier varies but. preferably wil.be I 
b«ween about 20 mg to about . c per dosage uni, THe pharmaceutical preparano s are I 
made fol.ow.ng me conventional techniques of pharmacy invoking ml,,*, mixing f 
mn?Z*T C ° mP ™- neC " SMy - for ab> " f °™ °' mixta, »d 

n the orm of a syrup, el.x.r. emulsion or an aqueous or non-aqueous suspension Such a ! 
l.qu.d formulation may be administered directly p.o. or filled into a soft gelatin capsule j 
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For reciaJ administration a D ulv,ri,.j 
may be combined with excipient such as ccl T " C ° mP ° UndS ° f *" invenli °" 
glyco.s and raold=d imo . su P ppos ^ " ~ bu„e, gly ce ri „. or poiyethy.ene 

wi.h an oiiy preparation, ge, el f hT P ° Wde " a ' S ° "= ""-pounded 

5 through a transdermal pal °"' **** ° r unbl ~ «<* administered 

immunodeficiency v™. type . w„ „T e c m T " infeC,i ° n '** Hu ™ 
0 induce anti-vira, activity inTaden^hich aL i 7 , " inVCnti ° n "» UMd » 

such carmen, the method of Z^^ZTV T "* 
bucaliy, trans-dermaHy. inrravenouTiy nZ admi "-«»on ora.iy, parenteral. 

= ff ecdve q uand t y„f/ echos rCX — 

carrier. Do sage uni|s f ? P"*»bly dispersed ,„ a pharmaceutical 

wiU bereadiiydeterimined by™^ ^ T ^ dosage 

--d^compo^d^ 

-re ^l^^T^Z T P ^ 

Amino Acid Analysis. FA B mass soecnJ ^ C ° n,en ' is te < d »P°" 

using a Bruker Am 250 spectrome[er M 2™Z Z£T rcCOrded " ^ 

«, m-mu.tipie, and br ^^^2? ^ **— ' * 

£»rif,c,- l ,ionofP w -o mhinnn!tf n , p _ rri ; 

assay ,he compounds of this invemion was produce in * ' '° 
« P- as previous, deseed by S.ic^^— £ 
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EXAMPIFS 



The following compounds were prepared from D-manniiol as described by 
LeMerrer et aL. Heterocvcl^ 25, 541-548 (1987): 
i 1) 1.6-di-0-tosyl-3,4-Oisopropylidenc-D-mannitol (Compound A) 

2) (2S. 3R. 4R. 5S)-1.2:5.6-di-(N-carboben2ylox y imino)-3,4-(0-iso P ro Py lidene)- 
hexanediol (Compound £) 

3) U:5.6-dianhydro-3,4-0-isopropylidene-D-mannitol (Compound £). 

Example 1 

Preparation of (IS, 2R 3R 4SV C arhnh < .n y vUv Y ? i a nvln1.nvi-N.n. ethv i. ? .^ih^ ^ y .A 
(garb9benryloxvn1nnvlalanvl^min o)hexvl-nmiri ff 2 , 

a) (IS, 2R, 3R, 4S)-carboben Z yloxy-N-(l-ethyl-2,3-(0-isopropylidenediol)-4- 
carbobenzyloxyamino)hexyI-amide 2- 

Methyl lithium (18.9 mL, 23.6 mmol; 1.25 M in ether) was added slowly to a 
slurry of Oil (2.24 g, 1 1.8 mmol) in THF (25 mL) at -10°C for 15 min. then was cooled 
to -78°C. A solution of compound fi (265 mg, 0.59 mmol) in THF (2 mL) was added 
and the mixture was maintained at -25°C overnight without stirring. The mixture was ' 
-diluted with a solution of saturated NH 4 C1 (100 mL) and concentrated aqueous NH, (10 
mL), and extracted with ethyl acetate (3x25 mL). Concentration and flash chromatography 
of the residue (gradient elution. 0% to 16% ethyl acetate in hexanes), provided the titled 
compound (143 mg. 50% yield). 

b) (IS, 2R, 3R. 4S)-carboDen 2 yloxyalanylalanyl-N.(l-ethyl-2.3-(0-isopropyl-idenedioI)- 
4-(cart»b<n2yloxyaJanyla]anyl)amino)hexyl-amide 4 

A solution of 2 (135 mg, 0.28 mmol) is methanol (10 mL) was stirred with 10% 
Pd on carbon (70 mg) under and H 2 atmosphere for 4 hr. The mixture was filtered and 
concentrated, and the residue was combined with DMF (5 mL), 
carbobcnzyloxyalanylalanine (165 mg. 0.56 mmol), HOBT (76 mg. 0.56 mmol), and 
DCC (116 mg, 0.56 mmol). The solution was stirred for 24 hr, then was filtered, diluted 
with ethyl acetate (50 mL) and washed with water (2x20 mL). Concentration and flash 
chromatography of the residue (gradient, 0% to 8% methanol in CH 2 C1 2 ) provided the 
titled compound (196 mg, 91% ). 
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c) (IS. 2R, 3R. 4S)-carbobcn2yloxyalanylalanyl-N-(l-cthyI.2,3-dihydroxy-4. 
(carbobcnzyloxyalanylalany)amino)hexyl-arr?de 2. 

A solution of 4 (191 mg. 0.25 mmol) in 70% acetic acid (20 mL) was stirred at 
50°C for 24 hr, then was concentrated under vacuum. The residue was dissolved in ethyl 
acetate and washed successively with 5% NaHC0 3 , water, and brine, then was dried over 
Na 2 S0 4 and concentrated to a solid. The residue was triturated with CH 2 C1 2 and filtered 
to provide the titled compound 2 ( 105 mg, 58%) wherein R I is ethyl and X ' is Cbz- 
AlaAla. Anal. Calc. for C 36 H 52 N 6 O 10 : C. 59.33; H, 7.19; N, 1 1.53. Found: C, 
59.11; H, 7.40; N, 11.19. 



Example 2 

Preparation of (IS 7R 4S).^nvblnnvl.N.n.. t hvi.;> 3-Hir,v,Wv4. ^nvi^n V . v 
amino)hcxvl-amirie Hi hyd rochloric S 

A solution of compound 2 (24.3 mg) in methanol (3 mL) was stirred with 10% Pd 
on carbon (13 mg) under an H 2 atmosphere for 2 hr. The mixture was filtered and the 
filtrate was concentrated. The residue was dissolved in 0.1 N HC1 (10 mL), washed with 
ethyl acetate, and lyophilized to provide the titled compound 5 (26 mg.) wherein Rl is 
ethyl and Xl is AlaAla. MS (DCI): m/z 461(M+H)+. 



Preparation of flft, 2R 3R 4S)-carhohen7vloxvnl.nnvl a l.nn v i. N -f 1-f?- methvnnrr>pvl.-> 
dihvpTQxv-4-(caHx>ben7vloxvnbnv1 a ln n vnaminn-n-methvnhenrvl. a miHP Q 

(a) (IS. 2R. 3R. 4S)-carbobenzyloxy-N-(l-(2-methyl)propyl-2,3- (O- 
isopropylidenediol)-4-carbobenzyloxyamino-6-methyl)heptyl-amidc Z 

To a mixture of anhydrous LiBr (0.989 g, 1 1.5 rnmol) an CuBr (1.65 g 1 1.5 
mmol) in THF (10 mL) at -60°C under Ar was added isopropylmagnesium chloride (12.7 
mL. 1.8 M in THF, 23 mmol) with stirring. After 20 min, a solution of compound £ 
(0.52 g, 1.15 mmol) in THF (6 mL) was added. The mixture was stirred at - 50°C for 2 
hr, then was left at -25 °C overnight. The mixture was diluted with saturated aqueous 
NH4CI (100 mL) and 14% aqueous ammonia (20 mL), then extracted with ethyl acetate 
(3x50 mL). The combined organic extracts were washed with water (50 mL) and 
concentrated, and the residue was purified by flash chromatography (gradient, 0 to 8% 
ethyl acetate in hexanes) to provide the titled compound (0.27 g, 27%). 
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tb) (IS 2R. 3R. «)-carbobenzyloxyalanylalan y I. N .(l.( 2 . mclhyl)propy| . 2 3 . (0 . 

The filed compound was prepared in 46*. yield from compound 7 by the 
^ procedure described in Examp.e 1(b). MS (FAB): m/z 825.4 (M+H) + . 

Sc!^^' 3 , R ' 4S> " C "' robenZylOXyllanylali,n > 1 - N - 1 -( 2 -'"«hyI)p™pyl-2.3.dihydroxy 
4-(carbobenzyIoxyalanylalany)amino-6.me t hyl)heplyi.amide » 

Example^" (M 5 ' 0 - 22 ^ °" mm0l> dePr0ttC,ed " y ' he " roced - ""-bed it 
Example 1 Pan (b). ,o y.eld the tided compound (89 mg. 0. 1 1 3 mmo.. 42% yie.d) 

£Tl n I* 1 "** isCta - AlaA1 - -P220-22,»C. Anal.Calc for 
C40H 6 oN 6 0 10 : C 61.21; H.7.70 :N . I0 .71. Found: C, 60.91; H, 7.61; N, 10.58. 

Example 4 

reparation , of (IS -.p ,„ ^ „ „, , , j.,^,.,, , ^y ^-, * 

tol a nvla| a n Y l) i ,mino.6. m r,bvni 1r n, I .■■ninVHa.^^-! ^ ^ ~ 

n™. COn,P ° Und (17mg) Wherein Rl is isobuI >" Md X' b AlaAla was 

prepared from compound 2 (44 mg) by the procedure of Example 2. 

Example <; 

Fr roa ra,ipr,offlS.2R , 3R 4^-. 1rh o r . n , v , n ^,„ n „,. M ,, f , 
d,hvdrox Y -4-^ rN|yn , v | n , n , ir , l , ini , minn , fcm ., > ,, fnt ,. rri ^ ^ 

com ^V"^ COmP ° Und WhOTin R ' " iS ° bU,yl X ' is Cb - Ala <"» P W fro- 
compound 7 as described in Examp.e 3. Parts (b)-(c). except substituting 

CDC M W3).m/ Z 643(M + H) + . Anal. Calc. for C 2s H 50 N 4 O 8 : C. 63.53; H. 7.84; N 
8.72. Found: C, 64.01; H, 8.21;N.9.11. 
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Example f, 

Preparation of rn ^R,«r , hh Minhnn.n ^ M ^,^ r . tt .. , „, , 

amino)h < -»! 1 ne-1 4-rijpl 

a) ( 2 R.3R.4R.5R)-I.6.diphenyl-3.4-(isopro P ylidenedioxy)hexane-2.5-diol J2 I 
Toa SU s P ensionof865mg(4.5mm 0 l)ofcopper(l)iodidein .0 mLof ether a. - ! 
78 was added a solution of 5 mL of phenyl lithium in cyc.ohexane (9 mmol). The reachon j 
rruxture was slowly warmed ,o - 40" and recoo.ed to -78°. To this dork brown mixture * 
wasaddeda S oIuuonof435 mg(133mm 0 l)ofbisepoxideCm 10 mL of ether via i 
synnge. After stirring a. -78° for 2 h. the reaction mixture was allowed to warm ,„ room f 
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temperature and stirred overnight. Quenched with 1:1 mixture of saturated ammonium 
chloride and 30% ammonium hydroxide, extracted with ether, washed with ammonium 
chloride until the blue color completely disappeared. The solvents were dried over 
anhydrous sodium sulfate and removed in vacuo. The residual oil was flash 
chromatographed (silica, ethyl acetate, hexane 1:8 ) to give 691 mg (87%) of 2 as a slight 
yellow oil. 1HNMR (CDC13, 250 MHz) 6 7.4 (m. 10 H), 3.7 (m, 4H), 3.1 (dd, 2H, J= 
2, 14 Hz), 3.0 (s. 2H). 2.7 (dd, 2 H, J= 7, 14 Hz), 1.4 (s. 6 H). 



b) (2R,3R,4R,5R)-l,6-diphenyl-3,4-(isopropropylidenedioxy)-2.5-bis(tosyloxy)hexane 
10 12 

To a solution of 300mg (0.8 mmol) of the diol 12 in 5mL of pyridine at 0° was 
added 1.5g (7.8 mmol) of p-toluenesulfonyl chloride. After stirring at 0° for 2h the reaction 
mixture was warmed to room temperature and stirred for 16 h. The reaction mixture was 
poured into 15 mL of ice cold 6 N hydrochloric acid, extracted with methylene chloride, 
15 washed with 3% sodium bicarbonate and solvents removed in vacuo. MPLC, silica; ethyl 
acetate: hexane 1:10 gave 520 mg (92 %) of the ditosylate li as a an oil. MS(DCI, 
NH 3 ) (M+NH4)+ 668.5; 'HNMR (CDCI 3 , 250 MHz) 5 7.5-7.0 (m. 10 H), 4.9 (m. 2 
H), 4.3 (s, 2 H), 3.0 (dd, J= 2, 4 Hz). 2.35 (s. 6H). 1.5 (s, 6 H). 

^0 c) (25,3R,4R,55)-i,6-diphenyi-3,4-(isopioHyiiuciieu;o\>)-2.5-bi3azido-hcxar.c H 
To a solution of 355 mg (0.54 mmol) of bistosylate 3 in 5 mL of dimethyl 
foTmamide was added 975 mg (15 mmol) of sodium azide. The reaction mixture was 
heated at 90° for 8 h and then at 105° for 6 h. The reaction is cooled and the unreactcd 
sodium azide was filtered off, washed with ether and solvents were removed in vacuo. 

25 The residue was chromatographed over silica gel (ethyl acetate : hexane 1 :20) to give 180 
mg (89%) of an oil as a mixture of the titled product 14 and an elimination product, 
(3R,4R.5S)-l,6-diphcnyl-3,4-(isopropylidenedioxy)-5-azido-hex-l-ene 1£, in the ratio 
4.6:1 as evidenced by 'HNMR. This mixture was found to be inseparable by 
chromatography. MS(DC1, NH 3 ) of 14 [M+NH4+] 410.5; 'HNMR (characteristic peaks 

30 for the bis azide 14) 5 7.4-7.2 (m, 10 H), 4.1 (s 2H), 2.8 -3.4 (m, 6 H). 1.5 (s, 6 H) 
and the characetristic peaks for the elimination product 15 8 6.72 ( d, 1 H, J= 14 Hz), 
6.05 (dd, 1H. J= 6. 14 Hz), 4.65 (t. 1H. J= 7 Hz). 3.75 (dd, 1H. J= 2, 7 Hz). 3-3.4 (m, 
5H). 1.4 (s. 3H), 1.6 (s. 3H). 

35 d) (2S,3R,4R,5S)-l,6-diphenyl-3.4-(isopropyIidenedioxy)hexane-2,5-d iamine 1£ 

180 mg of a mixture of azides produced in the previous experiment was subjected 
to hydrogenation at 1 atm over 100 mg of Peaitman's catalyst ( 10 % Pd(OH)2 on C). 
After 10 h. the catalyst was filtered through celite and washed with ether and solvents 

9 2 0 5 6 V 8 4 
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removed, n vacuo .ogive 124 mg (73%, of mixm^ of amines. Pure diamine 16 was 

M^n?, L Chroma ' 08raphy OV " n ° risil » "—*>.>. 

MS(OCI.NH3,(M + H)* 341.5; 'HNMR (CD3OD, 250 MHz) 5 7.4-7.0 (m ,0H, 39 
(bs, 2H), 3.0 (bt. 2 H), 2.6 (m. 4H). 1 .4 (s. 6 H). 

e) (2S.3R.4R.5S)- . .6-diphenvl-2,5-bi s (be n zyl 0 xycarbonylva.inylamino)-3 4- 
(lsopropylidenedioxy)hexane XL 

65 uL "t (0 ;t m ' nOl) ° f Cbl - Val in 2 mL °f 'e^ydrofuran a, -40° was added 

65 ul. (0.59mmo.) of N-methy.morpho.ine foUowed by 53 ^ (0.4 mmo.) of isobutv? 
chloroformate. After stirring a. -40° for 15 mina solution of 40 mg (0.12 mmo.) of ' 
dramtne >n 4 mL of dimethylformamide was added. The reacdon mixture was wanned to 
room temperature over a period of 2h and stirred overnight. I, was dilu,ed with 100 mL of 
ethyl acetate washed with 2x20 mL of 5% hydrochioric acid. 50 mL of 5% sodium 

flash chromatography (s.Itca ge.. 10% MeOH/CH 2 CI 2 ) gave an oil which on trituration 

r h I TT* ^ 67 mE (?0%) ° f ,he addUCt 11 as a » lid - A -' Calcd for 
C47H58N 4 0 8 : C(69.95). H(7.24), N(6.94); Found C(69.79). H(7.20,. N(6 88,- 
H^R (C DC ,,250MHz) 5 7.5-7.0 <m. 20 H). 6, (br d. 2H, 5, (br^Z 9 

4 H). 2.0 (m. 2 H). 1 .4 (s. 6 H). 0.75 (d. 6 H. J= 7 Hz), 0.6 (d, 6 H. J= 7 H7) 

^(2S,3R.4R^S).1.6-di P heny..2.5-bis(benzy.oxycarbonylvalinylamino,hexane-3.4.diol 
33 mg of the acetonide was suspended in 4 mL of 70% acetic acid and heated in an 

of £ 177 7^ T T, T 12 During ,he reacrion solid produc ' ™ °" «* "*« 

ofthe flask. Ox,edand 15 mL of methylene ch.oride was added. The methylene chloride 
ayer was care uny removed using a pipette and solvents removed in vacuo to give 29 mg 

An.fr °, ?, 1: » Ura "° n e,hcr/h " ane »*«« P^vided 23 mg of pure dio. 8. 
Anal Ca, d for C44 H 5 4N 4 08: C(68.9.). H (7.09). N(7.3., ; Found C(68.83), H(7 07 
N(7.08); 'HNMR (CDCI3. 250 MHz) 8 7.5-7.1 , m . 20 H, 6.25 <d. 2H J= 7 Hz) 5 j 
(s. 4 H). 4.9 (bs. 2 H). 4.1 (a. 2H, J= 7 Hz). 3.8 (two douWets. 4 H. J= 7 Hz). 3.4 (bs 
2H). 2.9 (m. 4 H). 2.0 (m. 2 H). 0.8 (d. 6 H. J= 7 Hz). 0.6 (d. 6 H. J= 7 Hz). 

Exnrrmle 7 

ftmwilnn of w sr , 6r 7 sh in-dinh.nvi-4 7-h„fK,.K.„, v ,„. 1 . cnrhnnv , 

aminnlrtfra pe-s 6-djr.i 
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To a solution of ' -8 g (18 mmol) of phenylacelvlene in ?n m i <■ 
-78° was added l0mL(l6 Qf > r Bu u in t ■ e ™ h ** 9ta " « 

of 10 min. After stirring for 15 min a. -78° 2 nTnf 1 ^, * ° Wr 3 pBtal 

and stirred for an additional 15 Zn T I boronmnu °"* derate was added 

« ^n^eX^ 

cJn,a, og C^ 

295 mg of the diol obtained above was dissolved in 5 ml nf ™ t u , , 

temperature and stirred overnight The n^ri™ ■ ed l ° r °° m 

(silica erhv. . u m,XtUrC Was Pressed as usual. MPLC 

2-5 (m. 4 H). 2.4 (s. 6H). , .g.,.3 (m . g H) . , , 5 {l> 6fJ) (q> * 4Hz) ' 

of , K " an<f 500 mg ° f SOdium a2ide «» -TO in 3 mL 
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e) ( 4S -5R.6R.7S,. I ..0-di P he ny |.4.7.bisan,i„o.5,6.(isop ro p y | i den«diox y )-dccane 23 
ml of "^^^^^^•'^"^''^''''^ofP^man's ca,a. yslin5 
mL of ethy, acetate unul the TLC showed compete disappearance offing material The 
ca^ys, was fi l,ered through ceU,e. washed with m etha„o. and so,ve„,s removed in vac™ 
5 to g,ve 65 mg ( 80%) of ,he diamine 22 as an oil. -HNMR (CD3OD, 250 MHz) 8 7 4 
7.0 (m, 10 H). 3.7 (m. 2H), 2.6 (m. 6H). 1.7-1.5 (m. 8 H), 1.35 (s. 6H). 

0 (4S.5R.6R.7S)-l,10-diphenyl-5.6-(isoprop y li dene diox y )-4.7.bis|N. 
benzyloxycarbonylaminovalinylaminojdecane 24 

'0 i Tol00m 8(0'»'™"<")ofCb 2 -Vali n 2mLofTHFa-40°wa S added65nLofN. 
methylmorpholine and 53 nL of isobutylchlotoformaie. 

TT» reaction mix.ure was stirred for 15 min and a solution of 51 mg (0. 128 mmol) of the 
d,am,ne 22 .n 2.5 mL of DMF was added. The mixture was slowly warmed to ,00m 

15 nlof 5^ H d ° VCmi8h '- D " U,ed ^ " mL ° f e ' hy ' "*»«• — h =" •«* ™ 

™1 Z ^ ° nCaCid • 50mL ° f 3 % S ° diUm biCarb0 " ate "* "■"»» ~d in 
vacuo The res,dual o.l was flash chroma.ogn.phed (ethyl acetate: hexane . :4) to give 69 
mg of 21 as a colorless solid. 'HNMR (CDCI3, 250 MHz) 5 ( 7.4-7.0 (m. 20 H). 6 2 (d 

™ -T\ V? ^ " 2H '' 16 (tS - 8H) - 13 (S - 6 ">• 10 «• «<■ J- ^ Hz). 0.9 (d. 
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^(4« R .6 R , 7 S)-1.10-Di P henyl-4.7.bi S fN-b e „zy l oxycarbony 1 va 1 inylamin O |decane-5.6- 

A suspension of 23 mg of the acetonide 24 from the previous experiment in 3.2 
mL of 70% acetic acid was heated in an oil bath maintained at 90° for 6 h. The reaction 
mtxture was cooled and the solvents removed in vacuo .0 give 20 mg of 25 u a colorless 
sol.d. MS (FAB) (M +H)+ 823.3; -HNMR (CD 3 SOCD 3 , 5 7.4-7.0 (m^O H), 5 0 <q 4 

? 5 '< 7 8 H «; nl <bS - 2H '' 3 ' 8 " 4 - 2 ""• 4 H)> 3 4 <m - 2H) " 2 5 (m - 4H >- 2 0 2H».' 
10 (m, 8 H), 0.8 (two overlapping doublets, 12 H, J= 7 Hz). 

Example 8 

to^ty 

a) (5R, 6R. 7R.8R)-5.8-dihydroxy,6.7-(isopro P yIidenedioxv)dodecadeca-l.n-dienc ^ 
To a suspension of 400 mg of copper (1 ) iodide in 6 mL of ether at - 60° was added 
4 mmol of allylmagnesium bromide via syringe over a period of 3 min. Sirred at -60 for 
15 m,n, cooled to -78 and added 140 mg (0.75 mmoi) of the bisepoxide in 4 mL of ether. 
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Kept at -78 for lh, and cooling bath removed and the reaction mixture was allowed to 
warm to room temperature and stirred for 4h. Quenched with 5 mL of sat. ammonium 
chloride and 10 mL of 30 % ammonium hydroxide. Extracted with ether, washed with 
ammonium chloride solution and solvents removed in vacuo to give 216 mg (>100 %) of 
the diol which was found to be sufficiently pure for the next step. lHNMR(CDCI 3 250 
MHz) 6 5.3 (m. 2H), 5.0 (m, 4H). 3.5-3.8 (m, 6 H), 2.0-2.4 (m, 4 H), 1.95-1 7 (m 
2H), 1.5-1.6 (m. 2H), 1.3 (s,6H). 

b) (5R, 6R, 7R,8R)-5,8-dihydroxy-6,7-(isopropylidenedioxy)dodecadecane 27 
220 mg of the diol 2fi was dissolved in 5 mL of methanol and hydrogenated over 

20 mg of 10% Pd/C as usual to yield the titled product (210 mg ). MS (DCI NH 3 ) 
(M+NH4)+ 292.4; 'HNMR (CDCI 3 , 250 MHz) 6 3.95 (s, 2H). 3.2-3.6 (m, 4 H), 1.2- 
1.8(m,12 H), 1.3 (s, 6 H), 0.8 (t, 6 H, J= 7 Hz). 

c) (5R, 6R, 7R,8R)-5,8-diamino,6,7-(isopropyIidenedioxy)dodecadecane 3J1 
215 mg of the bisdiol was dissolved in pyridine and 0.5 mL of methane sulfonyl 

chloride was added at )°. The reaction mixture was stirred at 0° for 3h, followed by room 
temperature for overnight. Worked up as usual. 410 mg of a slight brown oil was obtained 
which was taken directly for the azide formation. The bismesylate 2S displayed the 
following spectra! characteristics. 'HNMR (CDCI3, 250 MHz) 5 4.7 9 t „, 2H), 4.2 (m 
2H). 3.05 (s. 6H). 1.8 (m. 4 H), 1.2-1.6 (m. 8 H). 1.3 (s, 6 H). 0.9 (t, 6H. J= 7Hz). 

The mesylate 25 was dissolved in 5 mL of DMF and 650 mg of sodium azide was 
added. The reaction mixture was heated in an oil bath maintained at 90° for 8 h, cooled and 
the solid was removed by filtration. Removal of solvents gave 22 as a slight yellow oil 
25 (185 mg). MS (DCI, NH3) (M+NH4)+ 466 

The bisazide 22 was subjected to hydrogenation as usual over 25 mg of 
Pearlmans catalyst in 10 mL of ethyl acetae to give 172 mg of the diamine 3JJ. An 
analytical sample was obtained by chromatography over florisil( hexane. then ethyl acetate- 
hexane). lHNMR(CD 3 OD, 250 MHz) 5 3.7 (dd. 2H. J=2,4 Hz). 2.7 (bs. 2H), 1.2-1.6 
30 (m, 12 H), 1.4 (s, 6H), 0.85 (t, 6 H. J=7 Hz). 

d) (5S,6R,7R,8S)-5,8-bisfbenzyloxycarbonylaminovalinylaminoJ-6.7- 
(isoprcpylidcnedioxy)-dodecane 21 

50 mg of the diamine was coupled using the mixed anhydride method with 100 mg 
of Cbz- Val , 65 jiL of N-mcihylmoroholine and 53 uL of isobuty Ichloroformate in 2 mL 
THF. and 3 mL DMF. Flash chromatographyfsilica gel. ethyl acetate: hexane 1:2 ) gave 42 
mg of the titled product. "HNMR (CDC13. 250 MHz) d 7.4-7.3 (s, 10 H). 6.1 (d. 2H. J= 
7 Hz). 5.2 (d. 2 H, J« 7 Hz), 5.1 (two doublets. 4 H, J= 12 Hz). 4.0 (m. 4 H). 3.7 (s. 2 
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temperature. Quenched w it h «H '* WaiTOd <° room 

extracted wi,h eu ,er lid w Z T **** *" d ™ um 

solte and soiven J;™" """""^ W ° W **>*«» 

«iiu suivcnis removed in vacuo to e ve 3 in o raa ar \ -»-, 

hydrogenafon a< 1 at m using a balloon filled wi* hydrogen After stirrin- f„ « . k 
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O WR.5R.6R.7R)-4.7-bis(methanesulfonyloxy).5,6.(isoprop y lidenedioxy)-2,9- 
dimethyldecanc 25 

To 1.88 g (6.87 mmol) of the diol 24 in 15 mL of pyridine was added at 0° 4 mL 
of mcthanesulfonyl chloride and stirred for 2h. The reaction mixture was warmed to room 
temperature and stirred overnight. Poured into 50 mL of ice-cold 3 N hydrochloric acid 
extracted with methylene chloride, washed with 3 % sodium bicarbonate, dried over 
anhydrous sodium sulfate and solvents removed in vacuo to give a dark Irown oil Rash 
chromatography provided 1.65 g (55%) of the bis mesvlate 25. MS (DCI NH 3 ) 
(M + NH 4 )+ 448.3; 'HNMR (CDCI3, 250 MHz) 5 4.85 (m, 2 H). 4.1 ( bs, 2 H), 3 1 ( s 
6 H). 1.4-2.0 (m, 6 H). 1.4 (s. 6 H). 1.0 (d. 6 H. J= 7 Hz). 0.9 (d. 6 H. J= 7 Hz). 

d) (4S.5R,6R,7S)-4,7-bis(azido)-5,6-(isopropylidenedioxy)-2,9-dimethyldecane 3jfc and 
(4S,5R,6R t 7S,)-4.7-bis(amino-5,6-(isopropylidenedioxy)-2,9-dimeihyJdecane22 

To a solution of 1.19 g of the bismesylate 25 in 10 mL of DMSO was added 1 1 g 
15 (17 mmol) of sodium azide and heated to 100° in an oil bath for 10 h. The reaction mixture 
was cooled, sodium azide was removed by filtration, washed wih ether and combined 
solvents removed in vacuo. The combined organic extracts were diluted with ether, 
washed with 50 mL of water, dried over anhydrous sodium sulfate and solvents removed 
in vacuo to give 8 10 mg of the bis azide 2fi. which was taken directly for the reduction 
20 "without further purification. 

790 mg of the crude azide obtained above was subjected to hydrogenation over 400 
mg of Pcarlman s catalyst at 1 aim hydrogen. Strirred overnight, catalvst was filtered 
through florisil washed with 75 mL of ether and solvents removed in vacuo. The residual 
oil was chromatographed over 10 g florisil ( hexane, then ethyl acetate: hexane 1 :4 and 
finally methanol ) to provide 620 mg of the diamine 22 as a colorless oil. 'HNMR 
(CDCI3, 250 MHz) 5 3.7 (q, 2 H, J= 4 Hz), 2.75 (m, 4 H), 1.75 (m, 2 H), 1.4 (s. 6 H), 
1-1.3 (m, 6 H), 0.9 (d, 6 H, J= 7 Hz). 0.8 (d, 6 H, J= 7 Hz). 

e) 4 S^R.6R,7S)-4.7-bis(benzyloxycarbonylaminovalinylamino)-5.6-(isopropvlidene- 
dioxy)-2,9-dimethyldecanc 2fi 

To 200 mg (0.8 mmol) of Cbz-Val in 5 mL of THF at -40° was added 130 ^iL of 
N-niethylmorpholine followed by 106 nL (0.8 mmol) of isobutyichloroformate. The 
reaction mixture was stirred for 30 min and added a solution of 75 mg (0.276 mmol) of 
diamine 22 in 5 mL of THF. Stirred at -40° for 2 h, warmed to room temperature and 
stirred for 16 h. Diluted with 100 mL of ethyl acetate washed with 2x50 mL of 5 7c 
hydrochloric acid, 2x50 mL of 5 % sodium bicarbonate, dried over anhydrous magnesium 
sulfate and solvents removed in vacu to give 300 mg of a crude product which on ~ 
trituration with 20 mL of hexane and 4 mL of ether gave 190 my of 2& as a colorless solid. 
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MS (ESMS) (M-H)+ 737.2: >HNMR (CDCI3, 250 MHz) 5 7.3 (s. 10 H). 5.8 <bd 2 H 
J= 7 Hz), 5.1 (d, 2 H. J= 7 Hz), 5.0 (bs. 4 H), 4.1 ( m . 2 H). 3.9 (dd. 2 H, J= 7. 9 Hz) * 
2.2 (m, 2 H). 1.1.1.6 (m. 6 H). 1.2 (s. 6 H). 0.9 (d. 6 H. J= 7 Hz). 0.75 (two 
overlapping doublets. 12H, J= 7 Hz). 

0(4S.5R.6R,7S)-4.7-bis(benzyloxycarbonylaminovalinylamino)-5,6-dihydroxy 
2,9-dimethyldecane 22 

45 mg of the coupled product & was suspended in 5 mL of 70 % acetic acid and 
heated in an oil bath maintained at 85" for 10 h. The reaction mixture was cooled and 
solvents removed in vacuo to give a white solid. Anal CaJcd for C38H58N4O8 1/2 H20 
CC64.47). H (8.40). N (7.91): Found C(64.36). H98.39). N(7.82); MS(ESMS) (M + H)+ 
699.2: (M+Na) + 721.2: 'HNMR (CDCI3, 250 MHz) 5 7.35 (s. 10 H), 6 25 (d 2 H 
J= 7 Hz), 5.2 (d, 2 H, J= 7 Hz), 5.0 (s, 4 H), 4.0 (m, 2 H). 3.9 (dd. 2 H, J= 7 9 Hz) 
3.35 (s. 2 H), 2.2 (m, 2 H). 1.1-1.6 (m, 6 H), 1.0 (d. 6 H. J= 7 Hz), 0.9 (d 6 H J= ' 
15 7Hz), 0.85 (b, 12 H). 

Example }Q 

Preparation of (4S 5R 6R 7S) A ^bi.rhPn.v.ov^ ^nvK^i^,,,^,^^^ ^ A 
dlhvdroxv-7 Q-^.^^ yidecan,. 41 

a) < 4S ' 5R '6R,7S)-4,7-bis(bcnzyloxycarbonylaminoalanylamino).5,6-(isopropylidene- 
dioxy)-2,9-dimethyldecane 4Q 

A mixture of 5 1 mg (0. 1 875 mmol) of the diamine. 109.3 mg (0.4125 mmol) of 

AlaCbz, 85 mg (0.4125 mmol) of DCC and 68 mg (0.5 mmol) of HOBT was stirred 

overmght. The precipitated dicyclohexylurea was removed by filtration and solvents 

removed ,n vacuo to give 72 mg of 4fl as a colorless solid. l HNMR (CDCI3 ?50 MHz) 

0 7.3 (s, 10 H), 6.1 (d, 2 H, J= 7 Hz). 5.3 (d. 2 H, J= 7 Hz). 5.1 (m, 4 H), 4.1 (m 4 

H), 3.5 (s, 2 H), 1.2-1.1.6 (m, 6 H), 1.4 (d, 6 H, J= 7 Hz). 1.2 (s, 6 H), 0.8 (two 

overlapping doublets. 12 H t J= 7 Hz). 

b) ( 4 S.5R,6RJS)-4.7-bis(Denzyloxycarbonylaminoalanylamino)-5.6-dihydroxy2 9- 
dimethyldecane 11 

10 mg of the coupled product 4fl was suspended in 2 mL of 70 % acetic acid and 
heated m an oil bath at 80° for 10 h. the reaction mixture was cooled and solvents removed 
in vacuo and the residue on trituration with hexane/ether provided 8 mg of the titled 
compound 41. 'HNMR (CDCI3, 250 MHz) 8 7.3 (s. 10 H). 6.3 (ds. 2 H), 5.3 (bs. 2 
H), 5.1 (bs. 4 H), 4.1 (m, 4 H). 3.4 (bs. 2H). 1.5(m, 6 H), 1.3 (d, 6 H, J= 7 Hz) 0 8 
(bs. 12 H). ' ' 
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r. Example 1 1 

a) '•6-^ n z y lox y .3.4.0-isoprop yl ide ne - D . manniloI ^ 

alcohol « ^ ca . 50 y ;i;: ™r;r e ;r;« an r anhydrous -* 

added to a solution of 1 2-5 fini, h , UlD " B solu,ion al 40 C 

poured into IN HQ (50 mT) Id I raC "° n S ' ilred a ' 23 ° C f °' '« *>• 

" ra_i (so mL) and extracted with ElOAc (JiSOmli n 

washed with H 2 0 (50 mL). and sa,d. aq. NaC l (50 mL, dri ! ^ "™ 
and flash chromatograpned with hex^OA 0 /Z? , f C ° n " ntn " Cd 

42. 'H (CDCI 3 ) 7.3 - 72 (m 10> 4 ^ ",', 8 30 8 (75%) of ,he '"'^ compound 
3-54 (dd. 2). ,.32 (s. " 4> - 3 96 <n, - 2) - 3 87 (m - 2 >- 3 75 (m. 4). 



20 



25 



cold 3N Hcmn m i 1 j '"" stirred for 3 days, poured !«•„ ™ 

u,UJ ™ M ^H30mL) and extracted with EtOAc (3 x'SmM -n. 
with 3N HC1 (3 x 25 mL), 5% NaHCOi PS ml I ""' : ' C,S WaShtd 

(Na 2 S0 4 ). concentrated and ft k k >- d aQ ' NaCI (5 

™) ofthe Sr^^SST * "° AC " ™ - 
*■ «7 (n,«, 3.82 - 3 P 60 «m^, £ ™ ^ 7 <° " 7 ' 5 <- «•» - 

O « S .3R.4R. 5 S).diben Jy ,ox y .2.5-d i a 2i do.3.4-0.isopro Py . i dene hexandio. 44 

30 washed with DMF and JfZ ""' inSO,uWc NaN = »" 

with H 2 Q (30 rZl ex« H 7"™"™* in ™e --due was combined 

hexane*,OAc ,0 g ive oXI J ^e^;, d 2 ""^ » 

3s .0, 4.. (d d : 4, 4, 8 ,m. j™^:*;^^ 7 33,m - 
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d) (2S,3R.4R. 5S )- d i ben2yloxy . 2>5 . diamino .3 ,4-O-i sopropylidene hexandio, * 
JP*J m ;„ ^ u > "-^nmommoL). The reacnon was stin-ed at 23°C for 1 S 

. ' ° mU ExtracI1 °" wi* EtOAe (3 x 50 mL) and washine the e,m„-, 

w..h sa.d. aq . NaC , (,0 mL). drying (N a 2 S0 4 ). conce ntr arion nd flash Z™"^' 

NMM (72 uL. 0.66m mO |) ms added followed by i-BuOCOC. (94 uL. 0.73 mmol). The 

mL) and fihered. The .nsolub.e NMM HCI wa s washed wi,„ more THF and ,he fiZe 
N^U Z Z " E, ° AC ' ^ mL) - ^-^H.OCOmiLaTda, 

Z ^ K C " PeCWd Pr0dUCt 38 a SOM 3 " d » °»- ^.urauon wi.h E„0 

n,6 . 4.00 , m . 2 , 3.52 <m.4), 2 , 0 (m . 2) . , 93 (m , 2) , IJ2 (m , 6) a „ 
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(2S,3 R ,4R.5S)-dibenzvl 0:t y.2.5-bis(carboxyben 2 yloxyvalinyl)am,no-^4.0. 
.sopropy„de„e hexandio, (,2, m g . 0. ,4 mmoL) was combined w,,h 70% ace.ic acid 
02 mL) and hea,ed ,o 90°C for .4 h. cooled and conceno-a.ed in vacuo The residue was 
d-ssolved ,„ ElOAc (50 mL, and washed w,,h 5% NaHC0 3 ,2 x 20 mL) . H,O Oo H 

c mL , ) - dried (Na:SOa — and ^L:Z 

»"h CHjC^CHjOH .o elute 39 m (34%) of (2S.3R.4R.5S)-Diben Z vlo, y .-> 5- 
b,s carboxybenzy 1 oxyvali„y, ) amino.3.4-hexandiol tf. mp,me,han 0 . ): 223°C Anal 
W > M I ^ 6 " 5 * N4 °' 0 1/2 C 660 * H.7.11: N.6.70. Found: C. 66 23- H 

(m. 2). 3.63 (m. 4). 2 .,0 (m. 4). o.»l (d. 6). 0.85 (d. 6); MS (FAB): | M+H -| 827.3. 
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morpholino, echanesutfonic acid). , ediamL^ m ( " H ^ 2 " (N " 

Tri.onX-100)- 2 3 orfimMv 7. *>hi<Hnreiiol. 200 mM NaCl. 0 1% 

ini.ia.ed with 0.00. -O.lOmg purified HIV ° ! o m "" i1 "- reac,i °" w " 

quenched afar 10 20 mi 7, T * """^ mix,ures (37 °C> were 

-rtyJby C~rr'* were 
we.co^edwi.hauu.endc.a.eria,. ^a,^ ^ ^er a n T 

Inhibiiio n nf r mv i ( 

2 5.8 

5 39. 
0 

0.58 

10 0.80 

11 2.4 
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ENZYME INHmrr|n N 
Inhibition r>f pT V prote.n^ .nrtfyify 

The inhibition assay has been previously described in Dreyer et al. Proc. Nml 
AfflA ?ci.U<>A , M. 9752-9756 (1989) and Moore et al. Bioch. Bionh P.c m 
420 (1989). A typicaJ assay contained 10 mL MENDT buffer (50 mM Mes (pH 6 0- 2-(N- 
morpholino) ethanesulfonic acid), 1 mM EDTA, ImM dithiothreitol, 200 mM NaCl 0 1% 
Triton X-100); 2, 3, or 6 mM N-acetyl-L-arginyl-L-aJanyl-L-seryl-L-glutDminyl-L- ' 
asparaginyl-L-ry^ 

Val-Va]-NH 2 ; K m = 7 mM); and micromolar and submicromolar concentrations of 
synthetic compounds. Following incubation at 37°C for several minutes, the reaction was 
initiated with 0.001-O.lOmg purified HIV protease. Reaction mixtures (37°C) were 
quenched after 10-20 minutes with an equal volume of cold 0.6 N trichloroacetic acid, and 
following centrifugation to remove precipitated material, peptidolvsis products were 
analyzed by reverse phase HPLC (Beckman Ultrasphere ODS, 4.5 mm x 25 mm: mobile 
phase; 5-20% acetonitrile/H 2 0 - . 1 % TFA 91 5 min.), 20% accionitrile/H 2 0 - . 1 % TFA (5 
min) at 1.5 mL/min, detection at 220 nm. The elution positions of Ac-Arg-AIa-Ser-GIn- 
Asn-Tyr-Pro-Vaj-VaI-NH2 (17-18 min) and Ac-Arg-Ala-Ser-Gln-Asn-Tyr (10-1 1 min) 
were confirmed with authentic material. Initial rates of Ac-Arg-Ala-Ser-Gln-Asn-Tyr 
formation were determined from integration of these peaks, and typically, the inhibitory 
properties of the synthetic compounds were determined from slope/intercept analvsis of a 
plot of 1/v vs. [inhibitor] (Dixon analysis). Kj values resulting from this type of primary 
analysis are accurate for competitive inhibitors only, and under conditions in which the 
Michaelis constant of the substrate used is well-determined. 

It is desirable for the compounds of this invention to have Ki values less than 
50nM f preferably less than 1 OuM and more preferably less than 1 u.M. 

Inhibition nf rH IV.l Protend 
Compound Ki(uM) 



5.8 
39. 



9 0.58 



10 



0.80 



11 2.4 
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Following the procedures set forth herein and the teachings of the foregoing 
examples the compounds set forth in the following Table can be prepared having the 
structure and the substituent groups as designated therein. 



table of rnMpr^Tfjpfi 




(I) 



No. 


xi 


Rl 


2 


Cbz-AlaAla 


ethyl 


5 


AJaAla 


ethyl 


9 


Cbz-AlaAla 


i-Bu 


10 


AlaAla 


i-Bu 


11 


Cbz-Ala 


i-Bu 


101 


Cbz-Val 


i-Bu 


102 


P-Ala 


i-Bu 


103 


P-AIaVal 


i-Bu 


104 


ii 


t.Ru 


105 


BocAIa 


I-Bu 


106 


AcAJaAsn 


i-Bu 


107 


AcGlnAsn 


i-Bu 


108 


Cbz-PheAIa 


i-Bu 


109 


trifluoroAlaAla 


i-Bu 


110 


Cbz-trifluoroAlaAla 


i-Bu 


111 


trifluoroAla 


i-Bu 


112 


Cbz-trifluoroAla 


i-Bu 


113 


Ph(CH 2 )2CO 


i-Bu 


114 


Boc 


i-Bu 


115 


Cbz- 


i-Bu 


116 


Ac 


i-Bu 


117 


PhS0 2 


i-Bu 


118 


HCO 


i-Bu 


119 


Propiony! 


i-Bu 


120 


i-Butyryl 


i-Bu 


121 


Ph(CH 2 )2CO 


i-Bu 


122 


PhS0 2 Val 


i-Bu 
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123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 



Phenyllactoyl 

Phenyllactoyl-VaJ 

Cbz-AJa 

AJaAJa 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

H 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-Val 

Cbz-VaJ 

Cbz-VaJ 

Cbz-Val 

S205S7SI 



i-Bu 

PhCH 2 

PhCH 2 

1- Butenyl 

2- Propenyl 

3- Butenyl 
n-Pentyl 
Ph(CH 2 ) 2 - 
Cyclohexyl-CH 2 - 

2- Napthyl-CH 2 - 

3- Napthyl-CH 2 - 

2- Butynyl 

3- Indoylmethyl 

trans-3-phenyl-3-propcnyl 
ethyl 

N-PiperidinyI-CH 2 - 

N-Moipholinyl-CH 2 - 

(CH 3 ) 2 N-CH 2 

i-BucyiiNK-CH 2 - 

N-ImidazoyI-CH 2 

PhCONH-CH 2 

N-Indoyl-CH 2 

t-ButylCONH-CH 2 

BocNHCH 2 

NH 2 CH 2 

N-benzimidazolyl 

PhCH 2 0-CH 2 

PhO-CH 2 

CH 3 (CH 2 ) 2 0-CH 2 

CH 3 0-CH 2 

(CH 3 ) 2 CHO-CH 2 

t-Butyl-0-CH 2 

(CH 3 ) 2 CHCH 2 0-CHo 

CH 3 CH 2 (CH 3 )CHO-CH 2 

Cyclohexyl-0-CH 2 

PhCH 2 OCH 2 0-CH 2 

CH 3 OCH 2 0-CH 2 
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v-4 



i 

>2 



161 


Cbz-Val 


CH3OCH2CH2OCH2OCH2 


162 


Cbz-Val 


CH3S-CH2 


163 


Cbz-Val 


PhS-CH 2 


164 


Cbz-Val 


(CH 3 ) 2 CHS-CH 2 


165 


Cbz-Val 


CH 3 (CH 2 )2S-CH 2 


166 


Cbz-Val 


CH 3 (CH 2 )3S-CH 2 


167 


Cbz-Val 


CH 3 S(0)-CH 2 


168 


Cbz-Val 


CH 3 S(0) 2 -CH 2 


169 


Cbz-Val 


PhS(0) 2 -CH 2 


170 


Cbz-Val 


i-Propyl-S(0) 2 -CH 2 


171 


Cbz-Val 


n-Propyl-S(0) 2 -CH 2 


172 


Cbz-Val 


n-Butyl-S(0) 2 -CH 2 


173 


Cbz-Val 


(Ph 2 0) 2 P(0)-CH 2 


174 


Cbz-Val 


(CH 3 0) 2 P(0)-CH 2 


175 


Cbz-Val 


(n-ButylO) 2 P(0)-CH 2 


176 


Cbz-Val 


(EtO) 2 P(0)-CH 2 


177 


Cbz-Ala 


(CH 3 0) 2 P(0)-CH 2 
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1. A compound having the structure: 
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x l HN' A Y^r^ NHX ' 

HO R' 

wherein X * is A-(B) n - where n = 0-2; and 

Gly. Gin, He, Leu, Met. Phe. Pro. Ser. Thr, Tyr. Val. His. or trifluoroalanine wherein 
*e»»o group ofBis bonded * Acr*ec^ y pouparth.^^,:?" 
whoever . appropnate. and the carboxy group of B is bonded to the amino group of the 
adjacent resxdue B or the structure, whichever is appropriate; and 

grouo T 1Cntly r ChCd l ° *"* ° f adjaCCm residue B » to the amine 

group of the structure if n=0, and is: 

1) trityl, 

15 2) hydrogen, 

3) Ci-C 6 alkyl. 

4) R3.CO- wherein R3 i s: 

a) hydrogen, 

b) Ct-Ce alkyl. unsubstituted or substituted with one or more hvdroxyl 
groups, chlorine atoms, or fluorine atoms, 

c) phenyl or naphthyl unsubstituted or substituted with one or more 
substituents R* wherein R4 i s; 

OC1-C4 alkyl, 

ii) halogen, where halogen is F, CI, Br or I, 

iii) hydroxy!, 

iv) nitro, 

v) Cj-C3 alkoxy.or 

vi) -CO-N(R 10 )2 wherein R io iSt independem| H or c c 
alkyl; or 1 4 

d) a 5 - 7 member heterocycle such as pyridyl, furyl, or benzisoxazolyl: 

5) phthaloyl wherein the aromatic ring is unsubstituted or substituted with one or 
more subsmuents R 4 ; 

6) R5(RS R 7 C , m .CO- wherein m = >-3 and R 5. R 6. and R 7 „ e independenIlv: 

a) hydrogen. 

b) chlorine or fluorine. 
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c) C1-C3 alkyl unsubstituted or substituted with one or more chlorine or 
fluorine atoms or hydroxy 1 groups, 

d) hydroxyl, 

e) phenyl or naphthyl unsubstituted or substituted with one or more 
5 substituents R 4 , 

0 C] - C3 alkoxy, 

g) a 5-7 member heterocycle, or 

h) R 5 , R 6 , and R 7 may be independently joined to form a monocyclic, 
bicyclic, or tricycle ring system each ring of which is C3-Q5 cycloalkyl; 

10 7) R5(R6R7Qm W- wherein m = 1-3 and W is OCO or S0 2 and R5, r6 an d R 7 

are as defined above, except R 5 , R 6 , and R 7 are not chlorine, fluorine or hydroxyl if they 
are adjacent to W; 

8) R8-W- wherein R 8 is a 5-7 member heterocycle such as pyridyl, furyl, or 
benzisoxazolyl; 

15 9) R 9 -W- wherein R 9 is phenyl or naphthyl unsubstituted or substituted with one 

or more substituents R 4 ; 

10) R 5 -(R6R 7 C)m-P(0)(OR 1 wherein R^ is Ci - C 4 alkyl or phenyl; 

11) R8-P(0)(ORH)-;or 

12) R^-PCOXOR 11 )-; 

20 Rl is: 

1) -CH 2 Rl2 wherein Rl 2 i s 

a) NH-A wherein A is defined as above; 

b) R5-(R6R7 C )m-; 

c) R5-(R6R7c)m V- wherein V is O or NH, except R 5 , R 6 and R 7 are not 
25 hydroxyl, chlorine or fluorine if they are adjacent to V, 

d) R5-(R6R7Qm-S(0)n- wherein m = 1-3 and n = 0-2 and R5. R° and 
R 7 are as defined above except R5, R6 and r7 

are not hydroxyl, chlorine or fluorine if 

they are adjacent to sulfur, 

e) R8-S(0)n-, 
30 f) R9-S(0)n-. 

g) (R l 30)P(0)(OR 14 )- wherein R^3 and R 14 are, independently: 

i) Ci-C 6 alkyl, 

ii) C3-C6 cycloalkyl, 

iii) H, 

35 iv) R9, or 

v) R8, 

h) Rl3p<0)(ORl 4 )-, 

i) N(Rl0) 2 , 
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j) NRl5 R 16 whercin R 15 and R 16 are joined to form a 4-6 mcmbcred 
saturated nitrogens heterocycle including: 

i) azetidinyl, 

ii) pyrrolidinyl, 

iii) piperidinyl, or 

iv) morpholinyl, 

k) Rl7oCH 2 0 wherein Rl? is: 

i) C^-C^aHcyl, 

ii) R9 or 

iii) CH 2 Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) R I7 OCH 2 CH 2 OCH2, 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted 
by a substituent R 4 , 

n) N-benzimidazolyl where the fused benzene ring is unsubstituted or 
substituted by one or more substituents R 4 ; 

o) C 2 -Cg alkynyi, optionally substituted with one or more groups R 9 ; or 
p) C 2 -C6 alkenyl, optionally substituted with one or more groups R°; 

2) hydrogen, 

3 ) c l' c 6 ^kyl, unsubstiiuieu oi substituted with one or mere chlorine cr fluorine 
atoms or hydroxyl groups, or 

4) C3-C7 cycioalkyl; 

and pharmaceutically acceptable salts thereof. 

2. A compound as defined in claim 1 wherein Rl is C\-C 6 alkyl, benzyloxymethyl, 3- 
phenylpropyl or bcnzyloxy. 

3. A compound as defined in claim 2 whercin X 1 is CbzAla, AlaAla, Val, CbzVal, Cbz or 
hydrogen. 

4. A compound as defined in claim 1 wherein R 1 is benzyloxymethyl. 

5. A compound as defined in claim 1 wherein R 1 is 3-phenylpropyl. 

6. A compound of claim 1 wherein the protease activity- inhibition constant is less than 
about 10 H.M. 

7. A compound according to claim 1 for use in a medicament. 
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8. A pharmaceutical composition comprising a compound according to claim 1 and a 
pharmacetically acceptable carrier. 

5 9. A method of treating infection by a retrovirus which comprises administering a 
compound according to claim 1 . 

10. A method according to claim 9 wherein the retrovirus is the Human Immunodeficiency 
Virus type 1. 

10 

11. A process for preparing a compound of the formula: 

NR"R~ 
wherein R' is 

15 1) a) NH-A wherein A is defined in claim 1; 

b) R5-(R6 R 7 C ) m .; 

c) R5-(R6R7Q m v- wherein V is O or NH, except R5, r6 an d R7 are not 
hydroxyl, chlorine or fluorine if they are adjacent to V, 

d) R5-(R6R7 C ) m -S- wherein m = 1-3 and R 5 . R 6 and R 7 arc as defined 
20 above except R 5 , R<>, and R 7 are not hydroxyl. chlorine or fluorine if they are adjacent to 

sulfur, 

e) R8-S-, 

f) R9-S-, 

g) (Rl3o)P(0)(ORl 4 )- wherein Rl3 and R> 4 are. independently: 
25 i) Ci-C6alkyl, 

ii) C3-C6 cycloalkyl. 
Hi) H, 

iv) R9 or 

v) R 8 . 

30 h) Rl3p(0)(ORl 4 )-. 

i) N(Rl0)2. 

j) NR15R16 wherein Rl5 and Rl6 

are joined to form a 4-6 membered 

saturated nitrogens heierocycle including: 
i) azetidinyl, 
35 ii) pyrrolidinyl, 
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iii) piperidinyl, or 

iv) morpholinyl, 

k) Rl7oCH 2 0 wherein is: 
i) C^C^alkyl, 
5 ii) R 9 ,or 

iii) CH 2 Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) R 17 OCH 2 CH 2 OCH2, 

m) N-imidazoIyl where the imidazole ring is ^substituted or substituted 
10 by a substituem R 4 , 

n) N-benzimidazolyl where the fused benzene ring is unsubsrituted or 
substituted by one or more substituents R 4 ; 

o) C 2 -C 6 alkynyl, optionally substituted with one or more groups R^; or 
P) C 2 -C 6 alkenyl, optionally substituted with one or more groups R9 ; 
*5 2) hydrogen. 

3) Ci-Ce alkyl, unsubsrituted or substituted with one or more chlorine or fluorine 
atoms or hydroxyl groups, or 

4) C3-C7 cycloalkyl, and 

R" and R- are hydrogen, an amino-protecring group or taken together are N 2 , 
20 which comprises 

1) reacting a compound of the formula: 



with a compound R-Z, wherein Z is a moiety which renders R* nucleophilic, 

2) converting the resulting hydroxy groups to displaceable groups. 

3) reacting the displaceable groups with a nitrogen nuclcophile. 




a) NH-A wherein A and R 5 -R'O are defined as in claim 1; 
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b) R5-(R6 R 7 C)m . ; 

c) R5-(R6 R 7 C )m V- wherein V is O or NH. except R5. r6 and R 7 m not 
hydroxy!, chlorine or fluorine if they are adjacent to V, 

d) R 5 -(R6R7 C )m-S(0)n- wherein m = 1 -3 and n = 0-2 and R5, R 6 and 
5 R are as defined above except R5, r6 ^ R 7 ^ not hydr0 xyl, chlorine or fluorine if 

they are adjacent to sulfur, 

e) R8-S(0)n-, 
0 R 9 -S(0)n-, 

g) (Rl30)P(0)(ORl4)_ wherein Rl3 and Rl4 are. independendy- 
10 i) Ci-C 6 alkyl, 

ii) C3-C6 cycloalkyl, 

iii) H, 

iv) R9 or 

v) R8, 

15 h) Rl3p(0)(ORl4)., 

i) N(RlO> 2 , 

j) NR15R16 wherein Rl5 and Rl6 are joined to form a 4-6 membered 
saturated nitrogens heterocycic including: 
i) azctidinyl, 
20 ii) pyrrolidinyL 

iii) piperidinyl, or 

iv) morpholinyl, 

k) Rl7oCH 2 0 wherein Rl7 is: 
0 C 1 -Chalky!. 
25 ii) R 9 .or 

iii) CH 2 Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocycle, 

1) R 17 OCH 2 CH 2 OCH2, 

m) N-imidazoIyl where the imidazole ring is unsubsrituted or substituted 
30 by a substitucnt R 4 , 

n) N-benzimidazo!yl where the fused benzene ring is unsubstituted or 
substituted by one or more substituents R 4 ; 

°) C 2'C6 alkynyl. optionally substituted with one or more groups R 9 ; or 
P) C 2-C6 ^kenyl, optionally substituted with one or more groups R 9 ; 
35 2) hydrogen, 

3) Ci-Cs alkyl, unsubstitured or substituted with one or more chlorine or fluorine 
atoms or hydroxy! groups, or 

4) C3-C7 cycloalkyl. 



.92056784 



f .mtKNATlONAL SEARCH REPORT 



US g : 560/25,158; 564/153.155.1 ^j^^jo^ 



TZ7~—-jj77z ■ : — ; ' s " ^ ' 

U.S. 560/25,158; 564/153,155,157,158,159,346,360,507 



OOCUWtWTS COMSIOtWIQ TO ftf LtVANT • 



; US, E, RE 29,903 (KIRBY) 06 FEBRUARY 1979 
I See example 7. 

! US, A, 3,855,297 (DIANA) 17 DECEMBER 1974 
I See examples. 

j US, A, 3,987,029 (KIRBY) 19 OCTOBER 1976 
! See example 7. 

j US, A, 4,237,273 (HORVATH) 02 DECEMBER 1980 
See example 2. 



* Sptcici catotonoa of crtad aocumwtta: ' 



M «t*to of tno art -men <• n 



Alma oato 
"I" document witieh may throw 



: tno ctaimoO m»oni i o« 



OouOto on onontr tiom(i) o 



"O" tfOCumont rotorrmf to an oral i 





oato of tno Actual C«iR«tfMn or tno Intoma 

18 OCTOBER 19Q1 


nonal Soarcn 


07 NOV 1991 


NtomaBonoJ Soarcninf Autneitr 




MICHAEL SHIPPER ' 


ISA/US 





92056784 



